Two lines of evidence suggest that, unlike in other organisms, the transfer RNAs of Vibrio cholerae undergo rapid turnover in vivo. Firstly, the tRNA content of V. cholerae cells treated with rifampicin (an inhibitor of initiation of RNA synthesis) decreased rapidly and continuously. Secondly, the newly synthesized tRNAs were rapidly degraded even under normal conditions of growth; the average half life of tRNA was 11.8 min. The degradation is mediated by an enzyme(s), present in V. cholerae cytoplasm, that apparently degrades tRNA completely. Rapid turnover is balanced by an enhanced rate of tRNA biogenesis, which was calculated to be 2.5 times higher than that in Escherichia coli.
INTRODUCTION
Intracellular RNA groups, one with Keywords : I,'ibrio cholerae, transfer RNA species can be classified into two rapid turnover, such as messenger RNA, and the other which is quite stable and consists of ribosomal RNA and transfer RNA. Protection by ribosomal proteins can account for the stability of rRNA, while that of tRNAs is attributed to their compact threedimensional structure. But under adverse conditions, such as starvation for essential nutrients like nitrogen (Ben-Hamida & Schlessinger, 1965) , carbon (Nishi e t al., 1962) , phosphate (Maruyama & Mizuno, 1965; Davis et a/., 1986) and magnesium (McCarthy, 1962; Natori e t al., 1966) , treatment with E D T A and rifampicin (Yuan & Shen, 1975) , or growth at elevated temperatures (Nozawa e t a/., 1967) , ribosomes and rRNAs in Escherichia coli become susceptible to degradation. tRNA, however, remains essentially stable even under these conditions (Maruyama & Mizuno, 1965; McCarthy, 1962; Natori e t al., 1966; Yuan & Shen, 1975; Davis etal., 1986; Nozawa et a/., 1967) . Even after exposure to drastic conditions, like ultra-violet irradiation or productive infection by bacteriophage lambda, which leads to cell death, tRNA molecules remain intact (King e t al., 1986) . This is also true for other prokaryotes, like Aerobacter aerogenes (Kennel1 & Kotoulas, 1967) and Psezldomonas aertrginosa (Hou et al., 1966) .
The compact three-dimensional structure of tRNA notwithstanding, the conserved CCA sequence at the 3'-terminus of tRNA undergoes limited turnover in E . co/i independent of the rest of the RNA chain (Deutscher e t al., 1977) . The defective tRNA so generated is quickly repaired by the enzyme tRN A nucleotidyltransferase . Mutants lacking this enzyme accumulate defective tRNAs which are subsequently degraded by RNase D (Zhang & Deutscher, 1988) . Total yield of tRNA from such mutants is considerably lower than that from wild-type cells (Deutscher e t al., 1977) .
Vibrio cholerae, a Gram-negative bacterium, is the causative agent of the disease cholera. Recently, we have examined various aspects of tRNA of this organism and its phages. Choleraphage 4149 and phage e4 have been shown to induce synthesis of phage-coded tRNA molecules upon infection. These tRNAs have been characterized (Chattopadhyay & Ghosh, 1988a ; Mandal & Ghosh, l988) , the tRNA genes have been localized on the phage genome (Chattopadhyay & Ghosh, 1988b ) and the gene clusters have been cloned (Chattopadhyay & Ghosh, 1989) . It was observed that the yields of tRNA from 1' . cholerae cells were always lower than those obtained from E. coli. We have conducted a systematic investigation of this phenomenon and report here that, unlike in other organisms, tRNAs of I/. cholerae undergo rapid turnover in vivo. The process is mediated by a cytoplasmic nuclease(s) that can degrade intact tRNA completely.
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All metabolic experiments were repeated five times and the data presented are means of these sets.
isolated from I' . cholerae strains of various bio-and serotypes and with different levels of toxinogenicity grown to an OD540 of 1.0. The yields were compared with that from E. coli cells as obtained by us and others (Zhang & Deutscher, 1988) . E. coli cells were also grown under identical conditions. The yields of tRNA from all strains of If7. cholerae tested were about 30% lower than those obtained from E. coli (Table 1 ). All I,7. cholerae strains tested, as well as the E. coli strains used, had similar growth rates, with a generation time of about 24 min.
Degradation of intact tRNA by cell-free extract from V. cholerae
The presumption from the aforementioned studies is that the tRNA may be degraded in z h o in L7. cholerae cells, o r the rate of tRNA biogenesis is very low in this organism. Considering the inherent stability of tRNA, it may be suggested that the 3'-ends of tRNA in I 7. cholerae undergo a very rapid turnover in vivo by RNase T-like (Deutscher et al., 1985) activity. This would generate a high population of defective tRNA molecules which would be quickly degraded by RNase D-like activity present in the cytoplasm (Zhang & Deutscher, 1988) . However, the possibility of the presence of an enzyme that degrades intact tRNA also cannot be ruled out.
To test these possibilities, extracts of V. cholerae 154 were incubated with tRNA from E. coli A19, which is known to contain intact tRNA molecules (Deutscher e t al., 1977) , and with tRNA from V. cholerae cells. As can be seen in mid-exponential phase were incubated for 2 h in the presence of rifampicin. Samples were withdrawn at various times for isolation of tRNA. As can be seen in Fig.   1 , the amount of tRNA in I/. cholerae cells decreased continually over a period of 2 h. The amount of tRNA recovered from E. coli cells treated identically remained unchanged for 4 h, a phenomenon which has also been reported by others (Yuan & Shen, 1975; Nozawa e t al., 1967; Kennel1 & Kotoulas, 1967; Hou e t al., 1966; Deutscher e t al., 1977) . Cells of both the strains did not lyse at the concentration of rifampicin (20 pg ml-') used.
Untreated I I. cbolerae cells also maintained a steady-state level of tRNA throughout the period of incubation. This strongly suggests that the steady-state level (about 1.45 mg g-') of I/. cholerae tRNA is a balance between net synthesis and breakdown; when synthesis is arrested, the tRNA level decreases due to the breakdown of tRNAs by the putative enzyme(s).
Fate of newly synthesized tRNA in V. cholerae cells
It may be argued that rifampicin treatment has an adverse effect on the metabolic environment such that tRNAs become accessible to various nucleases. In normal cells, these molecules may be separated from the enzyme(s) that degrade(s) tRNAs. We thus examined the fate of newly synthesized tRNA molecules in Iz7. cbolerae cells under normal growth conditions. L7. cholerae 154 cells were grown to mid-exponential phase in low-phosphate medium. The cells were labelled with [32P]orthophosphoric acid for 30 min, then washed and transferred to prewarmed high-phosphate medium without [32P]orthophosphoric acid and incubated as usual. The I3*P]tRNA of these cells was then chased for 30 min. Around 80 % of the label in I/. cholerae tRNA disappeared during the 30 min chase while that of E. coli tRNA remained unchanged under identical conditions (Fig. 2a) .
These results strongly suggest that tRNA molecules in V.
cholerae undergo very rapid turnover: the average half life of tRNA was 11-8 min. The rate of tRNA degradation was calculated to be 0.0827 mg min-' (g wet wt)-' [rate 1.45 and half life of tRNA = 11.8 min]. From the logarithmic plot (Fig. 2a, inset ) the decay rate constant was found to be 0.0589 min-l. That the observed degradation was solely due to tRNA was confirmed by running aliquots of tRNA after 0 rnin and 30 rnin chase on polyacrylamide gel followed by autoradiography. As expected, the bands due to tRNA almost disappeared in 30 min for I/. cholerae cells (Fig. 2b) . The specific activity of tRNA [c.p.m. (mg tRNA)-l] decreased from 7-8 x lo7
--1.45 -1.45 x 2-'/"", where tRNA per unit biomass = The rapid degradation of tRNA and its enhanced rate of synthesis raise a couple of interesting points. First, why the cell should adopt such an uneconomic process is difficult to understand. Isolation and analysis of mutants deficient in this enzyme(s) should throw some light on its significance. Second, rapid synthesis implies a high rate of transcription of tRNA gene clusters as well as the presence of an elevated level of tRNA-processing activity in 1'. cholerae cells.
I/. cholerae is the host for a large number of lytic phages. Like T, and T, phages of E. coli, two of the choleraphages, namely phages 4149 and e,, induce synthesis of phagecoded tRNA molecules upon infection (Chattopadhyay & Ghosh, 1988a; Mandal & Ghosh, 1988) . With respect to the E. coli phages it was suggested that phage-coded tRNAs are not essential for phage development as phage mutants lacking tRNA genes are viable (Wilson et a/., 1972) . However, in view of the rapid turnover of host tRNA in V. cholerae, the tRNA genes of cholera phages may play a very significant role in phage development. to 5-7 x lo6 in 30 min. As there was almost equivalent disappearance of all bands it may be concluded that the putative enzyme(s) do(es) not discriminate between various tRNA species. tRNA from E. coli cells treated identically remained unchanged as expected (Fig. 2a, 13) .
The results presented above indicate that tRNA in C ' .
cholerae undergoes very rapid turnover in vivo -a phenoinenon so far unknown in any other prokaryote. The mechanism of rapid in vivo degradation of tRNA in I/.
cholerae is very difficult to speculate upon at this stage; its elucidation must await purification of the putative degrading activities.
The observed rapid turnover of tRNAs in I/. cholerae cells would call for an enhanced rate of tRNA biogenesis to maintain the steady-state intracellular level of 
